The simultaneous determination of albendazole (ABZ) and praziquantel (PZQ) was performed by different mathematical approaches: second derivative spectrophotometry (SDS), classical least squares, regression of partial least squares and principal components regression based on spectral data of drugs dissolved in methanol-hydrochloric acid solution. The detection limits for multivariate calibrations were determined by creating a surrogate variable signal. SDS presented the best analytical features. The recoveries of ABZ and PZQ from the synthetic samples were near to 100 ± 5%. The methods were applied in veterinary pharmaceutical formulation whose mass ratio ABZ:PZQ is 10:1; the results obtained were according to nominal content. 
Introduction
The antiparasitic drugs are widely used in veterinary practice and human therapy. The antihelminthics are an important type of these drugs used in cattle and pets, bringing benefit and improved quality of life to such animals. 1 An important example of a disease treated with these drugs is helminthiases, a common parasitic disease of great economical and public health importance. Since the antihelminthic spectra of most drugs used for treatment is limited, combinations of more than one active ingredient are required to control helminthic infections effectively. In this context, albendazole, methyl 5-(propylthio)-2-benzimidazole carbamate (ABZ) (Fig. 1a) , is an antihelminthic drug, it is active against most of the nematode worms and some of the cestode worms in humans and animals, and it acts by inhibiting fumarate reductase and the microtubular polymerization of the parasite. 2 Praziquantel, 2-cyclohexylcarbonyl-1,2,3,6,7,11b-hexahydro-4h-pyrazino(2,1-a) isoquinolin-4-one (PZQ) (Fig. 1b) , acts on the parasite, increasing the permeability to calcium ions causing contractions and vacuolization. The mix of both drugs is efficiently used in veterinary treatment of parasitic diseases. Many publications describe the determination of ABZ and PZQ in pharmaceutical formulations. Individual and simultaneous determination with other drugs are possible by FIA using UV-detection and HPLC method in suspensions, 3 adsorptive stripping voltammetry (ASV) and linear sweep voltammetry (LSV), square-wave voltammetry (SWV), differential pulse voltammetry (DPV), 4, 5 Vis-spectrophotometry, [6] [7] [8] [9] [10] HPLC, 11, 12 derivative UV-spectrophotometry, 13, 14 GLC 15 and PMR spectrometry. 16 In biological samples for individuals, The simultaneous determination of ABZ and PZQ has not been reported. In general, derivative spectrophotometry has been directly used to simultaneously determine organic and inorganic compounds. 32, 33 Multivariate methods offer an alternative for spectroscopic data analyses. These methods have been widely applied to the simultaneous quantification of analytes in mixtures. Among multivariate calibration methods, principal component regression (PCR) and partial least-squares regression (PLS) have been successfully adopted in many quantitative assays of pharmaceutical formulations. [34] [35] [36] [37] The theoretical base of these methods has been fully described by several authors. 38 Classical least squares (CLS) analysis is one of the simplest multivariate methods and is easy to perform, although its results are not very accurate in the quantification of mixtures when the analyzed spectra have significant overlapping. 39 On the other hand, PCR and PLS regression have been used more successfully in quantification of those types of samples, although their use presents more complications than CLS and second derivative spectrophotometry (SDS). The aim of this work is to develop different mathematical approaches for the simultaneous determination of ABZ and PZQ in veterinary pharmaceutical formulation.
Experimental

Instruments
A Shimadzu UV-1603 spectrophotometer with 10 mm quartz cells was used for measurement of the absorbance and derivative absorption spectra. For all solutions, the second derivative spectra were recorded over the range between 190 -350 nm against solvent, using sampling intervals of 0.2 nm with an scan speed of 480 nm min -1 . The spectral data were processed by Shimadzu software kit Ver. 3.7 (P/N 206-60570-04). The solid samples were weighted with a ±0.01 mg of uncertainty using a Sartorius R 200D balance.
Reagents
All reagents were of analytical reagent grade, ABZ and PZQ were purchased from Sigma-Aldrich ® . Stock solutions of 1.0 × 10 -3 mol L -1 of ABZ and PZQ were prepared of each drug by dissolving 13.3 and 15.6 mg and diluted to 50 mL in HCl 6.0 × 10 -3 mol L -1 in methanol solution. Other ranges of concentrations were prepared by appropriate dilution using the same solvent. Furthermore, in order to carry out a study of the solvent effects on the spectral behavior, we prepared stock solutions of 1.0 × 10 -3 mol L -1 of ABZ and PZQ by dissolving the same amount as described above of each drug in different solvents. Other ranges of concentration were prepared by appropriate dilution using the respective solvent.
Procedure for calibration graphs of ABZ and PZQ in mixtures
Aliquots of stock solutions of ABZ and PZQ were simultaneously diluted in HCl 6.0 × 10 -3 mol L -1 in methanol solution in a concentration range between 2.0 × 10 -6 to 3.5 × 10 -5 mol L -1
. The calibration procedure was carried out for each compound in the presence of 3.0 × 10 -6 mol L -1 of ABZ and PZQ, respectively. In all cases, the corresponding absolute values of the second derivative spectra at 327.5 nm for ABZ and 223.2 nm for PZQ were obtained and then these values were plotted against the corresponding concentrations.
Procedure for simultaneous determination of ABZ and PZQ in synthetic samples
The stock solutions of each compound were appropriately diluted to obtain solutions that contain molar ratios between 12:1 and 1:12 (ABZ:PZQ). For each solution, five repetitions were made. Then, the second derivative spectra were evaluated and the concentrations of each compound were calculated, allowing the determination of the corresponding values of recovery and relative standard deviation (RSD).
Procedure for photo stability studies of ABZ and PZQ
Individual solutions of ABZ and PZQ containing 6.0 × 10 -6 mol L -1 of each drug in HCl 6.0 × 10 -3 mol L -1 in methanol solution, were used in photo-stability studies. The solutions were exposed to direct light, indirect light and darkness, and the second derivative spectra were evaluated every 30 min over 5 h. Then all solutions were evaluated after 24 h.
Procedure for simultaneous determination of ABZ and PZQ in pharmaceutical formulation
The content of ten tablets of Albendazol Plus ® (Laboratorio Vetanco, Argentina) were weighed and powdered. A quantity of 58.6 mg of powder was weighed and diluted in HCl 6.0 × 10 -3 mol L -1 in methanol solution. The solution was shaken for 20 min, centrifuged and 50 μL from supernatant was diluted with same solvent to 5 mL and then this mixture was evaluated by SDS.
Multivariate calibration methods Software. CLS, PCR and PLS analyses were performed by the software Pirouette Ver. 3.11 (Infometrix). Data pretreatment. Seventy four independent standards were used for the calibration data set, ranging over the same values as those described in section Procedure for calibration graphs of ABZ and PZQ in mixtures. The recorded spectra data were preprocessing by mean-centering and transformed by second derivative (15 data) and smoothing by mobile media (25 data). The wavelength region between 218 and 450 nm was selected for multivariate calculation in order to minimize the influence of variables that do not contribute to the model but could contribute to the error component. 38 The spectra resolution was 0.2 nm. Outlier diagnosis. The outlier diagnose for CLS was performed considering the Leverage, Sample Residual and Mahalanobis distance. The outlier diagnosis for PCR and PLS was carried out through the cross validation performed, considering the Studentized residual together with Leverage with thresholds based on a 95%. The unusual samples were eliminated, and then the models were reconstructed, being optimized, validated and utilized for all the calculations. 40 Validation and optimization. All the multivariate models utilized cross validation, removing in turn each standard from the training set and then predicting the excluded sample with the calibration, similar to procedures utilized in the literature. 41 The optimal baseline order for CLS was determined by minimizing the model error sum of squares (ESS).
Where e is the error matrix. The prediction residual error sum of squares (PRESS), standard error of cross-validation (SECV) as well as the correlation coefficient (rVal) for the predicted Y values versus known Y values were calculated, considering the cross validation. 40 In the PCR and PLS calibration methods, these parameters were calculated according to Ragno et al. 41 and Afkhami et al.
Where f is the prediction residual matrix. Detection limit for multivariated methods. The detection limits of (DL) for multivariate calibrations were determined according to Soto et al. 43 creating a surrogate signal variable (SSV) 38, 44 in order to create a pseudo-univariated model. The selected SSVs were the model predicted values. Thus, the LOD was calculated in a manner similar to that used for SDS.
Results and Discussion
Solvent selection and spectral behavior
Because the objective of this work is the simultaneous determination of ABZ and PZQ, it is necessary to satisfy the solubility of both drugs in the same medium to prepare the solution standards and dilutions. The spectral behaviors should also be adapted to carry out the simultaneous determination for derivative spectrophotometry, so that the method can be precise and the obtained results can be exact. The selection of solvent was based on solubility values reported, 45 a mixture of HCl of 6.0 × 10 -3 mol L -1 in methanol solution is suitable to dissolve ABZ. This mixture also dissolves PZQ. The spectral behavior of both drugs in this solvent shows the possibility of the simultaneous determination of the two drugs (Fig. 2) .
Photo stability studies
In order to establish the photo stability of ABZ and PZQ in HCl 6.0 × 10 -3 mol L -1 in methanol solution, we used 6.0 × 10 -6 mol L -1 solution of each individual drug. All solutions were exposed to direct light, indirect light and darkness. For both drugs no photochemical degradation was evidenced because the analytical signals remained constant.
Spectral features
Evaluated directly against solvent selected, ABZ showed 3 maximum absorption peaks centered at 210, 229 and 299 nm; under identical conditions PZQ spectrum presented an absorption band between 190 to 240 nm (Fig. 2) . Because the spectral bands of the two drugs are strongly overlapped, the derivative spectrophotometry technique was used; it is a good approach to resolve this type of spectra, making possible the simultaneous determination.
Selection of spectral variables Derivative order.
In this work the digital derivative spectrophotometry technique used is based on a mathematic computational model proposed by Savitzky and Golay, 46 where the spectral resolution is sacrificed in order to increase strongly the signal/noise ratio, favoring the accuracy of the results and the precision of the method. To optimize the derivative order, the first to the fourth derivative spectra of the solution containing separately the respective drugs were recorded. In Figs. 3a and 3b are shown the first and second derivative; higher derivative orders were discarded because the sensibilities decrease and the noise is also increased. Comparing these spectra derivative, one finds that the first derivative presents the higher sensitivities than the second; however, this derivative order does not present zero crossing characteristics for PZQ determination, so only ABZ determination by graphic method between 251.0 and 325.0 nm is possible. The simultaneous determination is possible by second derivative because there are characteristic zones for each compound; for this reason, this order of derivative was selected. Selection of the smoothing and scale factor. By using the second derivative, the smoothing factor could be optimized when the values defined by defect are varied, according to Δλ value used to obtain the spectra. For a Δλ values of 160 nm the smoothing factor can be studied by taking the following values: 2000, 4000, 8000 and 16000. When the smoothing factor increases, the heights of derivative signal decreased, but the noise decreased more significantly, yielding a superior signal/noise ratio. A value of 16000 was selected, because in these conditions the signal/noise ratio was favored and the sensitivities were sacrificed in order to decrease the error of the results. Further, when this smoothing spectral factor was used, distortion effects in derivative spectra are not present. A value of 10000 was selected as the scale factor because it favored the reading of the analytical signal, but did not affect the sensibility, since the analytical signal and the standard deviation of the blank increase in the same proportion. Selection of wavelength. The second derivative spectra ABZ presents two zero crossing points at 223.2 and 241.4 nm (Fig. 3b) , which could be used for PZQ determination; we selected 223.2 nm for PZQ determination, however, because the signal are higher. The second derivative spectrum of PZQ presents two zero crossing points at 255.4 and 272.2 nm, between 326.0 to 329.0 nm PZQ does not absorb and the ABZ analytical signals are higher and well defined. Consequently, 327.5 nm was selected for the determination of ABZ (Fig. 3b) . The pharmaceutical formulation (Albendazol Plus ® ) has a molar ratio ABZ:PZQ corresponding to 12:1; therefore it is important to study the effect of the concentration of each drug on the other, in order to select suitable analytical wavelengths. We used different mixtures of both drugs, with varying concentrations of ABZ between 2.0 × 10 -6 to 3.5 × 10 -5 mol L -1 and constant PZQ 3.0 × 10 -6 mol L -1 , including the relationship contained in pharmaceutical formulations; these solutions were evaluated by second-order derivative, with values of 16000 and 10000 as smoothing and scale factor, respectively. Figure 3c shows a spectrum obtained for a mixture of both drugs and also includes the spectrum of a solution prepared from the tablet dissolved under same conditions selected, containing the following concentrations: PZQ 3.0 × 10 -6 mol L -1 and ABZ 3.5 × 10 -5 mol L -1
. The spectrum of the molar ratio of ABZ:PZQ 12:1 is analogous with that of the tablet. The values of zero crossing points at 223.2 and 327.5 nm selected for the determination of PZQ and ABZ, are independent of the concentrations. The simultaneous determination of these drugs is not affected by the other compounds present in the sample prepared from the tablet.
Analytical features
Calibration graphs were created by plotting the second derivative values for ABZ, DU1 (λ = 327.5 nm) and for PZQ, DU2 (λ = 223.2 nm), using a smoothing factor of 16000, a scale factor of 10000 and a Δλ of 160 nm, versus the respective drug concentrations. The analytical features were obtained used the criteria given by ICH Harmonized Tripartite Guideline, 47 to calculate the detection and quantification limits (DL, QL). The following equations were used: 3.3σ/S and 10σ/S, respectively, where S is the slope of the calibration curve and σ is the standard deviation corresponding to the response of 11 blanks. The repeatability, expressed as relative standard deviation (RSD), was obtained by using 9 standard samples containing 3.0 × 10 -6 , 6.0 × 10 -6 and 9.0 × 10 -6 mol L -1 of each drug and 3 replicates of each concentration. The determination range was defined between the QL and the loss of linearity. In this context, it is possible to obtain an acceptable linearity degree with accuracy and precision in the results when the proposed method is applied. The results are shown in Tables 1 and 2 .
The detection limits for the multivariate methods are presented in Table 2 . The lowest DL was achieved by CLS method for both drugs. The PLS and PCR reach similar values for DL.
However, a lower value for ABZ was achieved with the PCR method and a lower value for PZQ was achieved with the PLS method.
Validation and optimization of multivariate calibrations CLS.
The criteria used to adjust the optimal baseline for CLS was to reach the best ESS. Consequently, the best values were obtained without a baseline. PCR and PLS. For PCR and PLS, the optimal numbers of PCs were estimated considering validation based criteria. We chose six and two PCs for ABZ and PZQ, respectively, for both calibrations: PCR and PLS. These numbers include lower values of PRESS and SECV with a rVal over 0.9. The lowest number of PC was selected in order to not over fit the models.
Recovery and comparison methods
Owing to the ABZ:PZQ ratio contained in the Albendazol Plus ® tablet, it was necessary for each method to establish the ratios at which one analyte can be accurately measured in the presence of the other; the recoveries of samples containing standard solutions of mixtures of ABZ and PZQ in different concentration ratios were carried out. The results shown in Table 3 correspond to the averages of all ratios used. According to the results, the content of each compound can be determined for developed methods in different relationships. It is important to highlight that the 12:1 molar ratio for ABZ:PZQ, corresponds to a 10:1 mass ratio. Thus we conclude that this method has a wide range of use and is applicable when the contents of these drugs are present in this proportion of the veterinary pharmaceutical formulation. The recoveries obtained from the multivariated methods, in general, were poorer than those from SDS considering both compounds together. The poorest recovery was reached for PZQ. The principal components (PCR and PLS) based method reach the poorest recovery for PZQ; this can be due to the higher relationship between the ABZ:PZQ molar absortivity constant at different wavelengths. In this way, when the first PC's are generated for the calibrations, important information for PZQ concentration could not been associated with these PC's.
Application of the proposed methods
Finally, the content of ABZ and PZQ in Albendazol Plus ® (Laboratorio Vetanco, Argentina) was analyzed by developed methods; the results were satisfactory (Table 4) .
Conclusions
According to the results obtained with these proposed methods, simultaneous determination of the binary mixtures of ABZ and PZQ by different mathematical approaches based on spectral data is effective and accurate. Derivative spectrophotometry and recently multivariate calibration methods have been used. The proposed methods are simpler, less time-consuming and more sensitive. The difference in the values of DL for the two drugs, including multivariate calibration (PLS, CLS, PCR) and SDS was minimal (less than one order of magnitude). The recoveries of ABZ and PZQ from the synthetic samples, including the proportion contained according to veterinary pharmaceutical formulation, were near 100%. The amounts found for both drugs are very similar to the nominal content in commercial tablets. The pharmaceutical matrix had no significant effect on the determination of the two drugs. Moreover the mass ratio problem present in tablets (ABZ:PZQ (10:1)) was overcome successfully. 
